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Attorney Docket No. 79S.2S 

■• 

A MAGNESIUM ANODE, SEAWATER/ACID/CATHOLYTE 

ELECTRODE UTILIZING A PALLADIUM AND IRIDIUM 

CARBON PAPER CATHODE ELECTROCHEMICAL SYSTEM 

c 

STATEMENT OF GOVERNMENT INTEREST 

s The invention described herein may be manufactured and used 

r by or for the Government of the United States of America fcr 

-- Governmental purposes without the payment of any royalties 

-- thereon or therefor. 

— w BACKGROUND OF THE INVENTION «. 

14 (1)  Field of the Invention 

15 The present invention relates to a new electrochemical 

- /- 
system based on a magnesium anode and an electrccatalyst cf 

- — palladium and iridium catalyzed on carbon paper. 

- - (2)  Description of the Frier Art 

- ' Magnesium seawater batteries have been successfully 

2: demonstrated whereby oxygen saturated in the seawater electrolyte 

21 is reduced on a catalytic cathode surface opposite a magnesium 

22 anode.  Early magnesium seawater battery systems are shown in 

2 "j U.S. Patent Nos . 3,462,305 to Wilson and 3,481,790 to Duddy. 

24 Magnesium seawater battery systems generally are highly 

2v energy dense systems due to the fact that there is no sodium 

2^ hydroxide required, greatly reducing the system's weight. 
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However, limited oxygen availability limits specific energies to 

220 Watt hr kgm. 

■•                 -" 

Other magnesium-seawater batteries have been developed, all 

-      - of which include solid electrodes, including silver chloride, 

^ cuprous chloride, lead chloride, cuprous iodide, cuprous 

0 thiocyanate, and manganese dioxide. 

- Testing has been accomplished with a magnesium anode in a 

5 seawater/hydrogen peroxide electrolyte as oppcsed to 

r electrocatalysts of silver foil or planar nickel foil catalysed 

- •> with palladium and iridium.  All testing was performed ir. neutral 

media.  The reduction of the hydrogen peroxide took place at the 

-- electrocatalytic surface.  Cell voltages of l.l to 1.2V were 

-- observed at an applied current density of 25 rr_-.' c~~   fcr these a. 

1-i tests with durations up tc sixty minutes. 

-- The reduction-oxiditicn (redox) pctentials versus Standard 

"_c Hydrogen Electrode (SHE) associated with the -agnesium-hydrcxide 

- peroxide system are: 

- 3 Anode:         Mg -» Mg:" - 2e"                 2.3 7V      '1) 

2C Cathode:        HO;" + H:0 - 2e- -> 30H"          0.83V       '2) 

2 1 Cell Reaction:  Mg + HO." - H,0 -> Mg2* + 30H"    3.25V      '3) 

22 

2 3 Unfortunately, these theoretical open circuit potentials are 

21 reduced and the electrochemical performance inhibited by the 

21, following parasitic reactions: 
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Decomposition Reaction:  : HO. -* 2   H.O + O.T ■ (4) 

Direct Reaction: Mo + H0_. + H;0 -*■  Mg'' ->■   30H        (S) 

} Precipitation Reactions: Mg:' + 20H —► Mg(OH);vS^ to) 

4 Mg:' + CO.. -» MgCO. (s) (7) 

5 Where s stands for solid ^precipitation) 

c       The precipitation reactions produce solid magnesium 

hydroxide and magnesium carbonate.  The magnesium hydroxide 

£ results from the interaction of the magnesium cation with the 

9 hydroxyl group produced during the reduction cf the catholvte, 

11 whereas the magnesium carbonate is a result cf the magnesium 

11 interacting with the carbonates in seawater. 

11 The system is limited by the production cf the precipitates 

12 in the electrolyte resulting in electrolytic flew blockages, 

14 increased gassing rates and internal pressure rates with 

15 decreased cell voltages. 

1" SUMMARY OF THE INVENTION 

-:-       Accordingly, it is an object of the present invention to 

15 provide an improved magnesium semi-fuel cell. 

2'       It is a further object of the present invention to provide a 

21 magnesium semi-fuel cell as above which is a high energy density 

22 source for underwater vehicle applications'with energy densities 

2'; approaching 6 to 7 times that of silver-zinc. 

'/J- Th* foregoing object:; are attained by the semi-fuel cell of 

'/.'. the present invention. 



In accordance with the present invention, the semi-fuel cell 

- comprises a magnesium anode, a seawater/catholyte electrolyte, 

j. 
preferably containing acid to solubilize solid precipitates, and 

i      4 an electrocatalyst composed of palladium and indium catalyzed 

5 onto carbon paper.  The acid added to the electrolyte is 

c preferably selected from the group consisting cf sulfuric acid, 
x 

hydrochloric acid, phosphoric acid, acetic acid, and mixtures 

V thereof. 

c Other details of the semi-fuel cell of the present 

-- invention, as well as other objects and advantages attendant 

-- thereto, are set forth in the following detailed description and 

-- the accompanying drawings. 

14 BRIEF DESCRIPTION OF THE DRAWINGS 

ft. 

-" FIG. 1 is a graph shewing silver foil vs. palladium, iridium 

- r on careen paper half-cell polarization profiles,- and 

-  ~ FIG. 2 is a graph illustrating constant current profiles for 

- - a magnesium-semi-fuel cell in accordance with the present: 

2: 

21 

22 

invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 

As previously discussed, the present invention relates to an 

2 3 improved magnesium semi-fuel cell.  The.semi-fuel cell of the 

24 present invention has a magnesium anode and a seawater/catholyte 

2 5 electrolyte.  An acid is added to the electrolyte to solubilize 

2<v the solid precipitates su'.h as magnesium hydroxide and magnesium 
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I carbonate.  The cell also has an electrocatalyst composed of 

;: palladium and iridium catalyzed onto carbon paper, instead of 

„> palladium/iridium catalyzed onto nickel foil or the use of silver 

4 foil which offers greater surface for the reduction of the 

5 catholyte such as hydrogen peroxide. 

c       The acid which may be added to the electrolyte include is 

preferably selected from the group consisting of sulfuric acid, 

S hydrochloric acid, phosphoric acid, acetic acid, and mixtures 

9 thereof.  Each acid added to the electrolyte may be added at a 

10 concentration ranging from 0.01M to 0.1M. 

11 " .   The catholyte portion of the electrolyte is preferarlv 

12 hydrogen peroxide.  The electrochemical couples versus SKE  for 

13 this system are as follows: 

13  Anode: Mg —»\fg~~ ~2e' 2.27      (8) 

16 Cathode:        H20. + 2H~ -2e' -> 2H:0 LIT/ (S) 

17 Cell Reaction:   Mg + H:0 -2H' -> Mg: +2H20        4.147      (io) 

-5      The functioning magnesium-hydrogen peroxide semi-fuel cell 

20 of the present invention, as previously mentioned, is composed of 

21 a magnesium anode and an electrocatalyst of palladium and iridium 

catalyzed on carbon paper capable of reducing the hydrogen 

peroxide catholyte.  Power is generated on the basis of ar. 

occurrence of the above reaction at the anode in which magnesium 

2r,  ions are formed and electron:; released and the above reaction at 

£1 

2 3 
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reduced.  The elections ai'e transferred from the anode to the 

- cathode by way of an external circuit in which the electrons 

*           ^ perform work on a load to yield current.  Electrolyte may be 

passed through the cell at any desired flow rate such as 2CC 

5 cc/min and may be kept at an elevated temperature such as 55°C. 

c A useful electrolyte comprises 40 g/L seawater, 0.5 M hydrogen 

- peroxide, and 0.1 M sulfuric acid in a two liter volume.  A 

S current density of 25 mA/cm: may be applied to the electrode. 

G The addition of the acid to the seawater electrolyte in the 

10 magnesium semi-fuel cell system has been found to provide a great 

advantage, that is an increase in theoretical cell voltage from 

i z. 3.25V to 4.14V.  A second advantage of the present invention is 

i ■< an increase in cathodic potential and thus ceil voltage ::'r.er. i 

14 Pd/Ir en carbon paper is used as the electrocatalyst versus the 

_c use of a silver foil catalyst.  This cathodic voltage increase is 

1c also due to the fact that aoid is introduced into the 

17 seawater/catholyte electrolyte to reduce blockage of the reaction 

13 to proceed. 

19 

20 high voltages when palladium/iridium is catalyzed on a carbon 

21 paper substrate and tested under acid/seawater/cathciyte 

22 electrolyte conditions wherein the electrolyte contains 0.1 M 

2 2 sulfurio acid and 0.5 14 hydrogen peroxide and is at a temperature 

21 of 55°C.  The cell used in this test had a magnesium anode and an 

2', electrolyte flow rate of 200 cc/min.  The silver foil 

2<, demonstrates cathodic potentials of -0.4V vs silver/silver 



chloride (Aa/AgCl) at a current density of 25 mA cm:; however, 

- when the palladium/'iridium on carbon paper is tested under the 

3 same conditions the cathodic voltage is increased to + 0.4V vs 

:     -! Ag/AgCl.  On a cell basis, an increase of 0 . SV (S00 mV) is 

5 expected due to the use of the palladium.,'iridium carbon electrode 

c in the acid/seawater/catholyte electrolyte. 

- FIG. 2 shows a constant current discharge profile at 25 

S mA/cm: when the aforementioned electrochemical system was tested. 

*_, Observed were voltages above 2.OV when a carbon paper catalyzed 

* r* with palladium/iridium was used in the seawater/acid electrolyte. 

Also pictured are the silver foil results shewing cell vcltages 

-- of 1.25V.  A 40% increase in cell voltage was observed with the 

- - use cf an acidic electrolyte and a palladium iridium on careen i. 

14 paper cathode. 

- - The other advantages cf the present invention include; ■ 1) 

1c higher vcltages (>2.0V) achieved as a result cf the introduction 

of the hydrogen peroxide/acid/seawater electrolyte in conjunction 

i 
with the combination of the palladium/iridium carbon paper 

13 electrocatalyst and the magnesium anode; (2) the reduction of 

2Z cell stack size on a system basis; and '2; higher energy 

2 I densities approaching 6-77.  that of silver zinc (600 - 7C: VJatt 

22 hr/kgrru .  A smaller cell stack capable cf producing a desirable 

2"i level cf power is due to the ability to obtain higher voltages. 

21 It is apparent that there has been provided in accordance 

2', with the present invention a magnesium anode, seawater/acid/ 

2', catholyte electrolyte, utilizing a palladium/iridium carbon paper 
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cathode electrochemical system which fully satisfies the objects 

means and advantages set forth hereinbefore.  While the present 

invention has been described in the context of specific 

embodiments thereof, other variations, modifications and 

alternatives will become apparent to those skilled in the art 

after reading the foregoing description.  Therefore, it is 

intended to embrace those variations, modifications, and 

alternatives, 
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Atr.ornev Docket No. "9S.IS 

A MAGNESIUM ANODE, SEAWATER ACID CATHOLYTE 

ELECTRODE UTIL"ING A PALLADIUM AND IRIDIUM 

CARBON PAPER CATHODE ELECTROCHEMICAL SYSTEM 

ABSTRACT OF THE DISCLOSURE 

The present invention relates to an improved magnesium semi- 

fuel cell which has a magnesium anode, a seawater, cathciyce 

electrolyte, preferably containing acid to sclubilize solid 

precipitates, and an electrocatalyst composed of palladium and 

Iridium catalyzed onto careen paper.  The acid added tc the 

electrolyte is preferably selected from the group ccr.siscir.g cf 

sulfuric acid, hydrochloric acid, phosphoric acid, acetic acid, 

and mixtures thereof. 
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